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and to be used by the person to detect a cleanliness state of
the person’s hands. A single unit includes the electronic
sensor and (a) a device to provide an indication of the
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person who carries the badge, a sensor to be used to detect
a cleanliness state of the person’s hands, and a visible
indicator to indicate to other people the cleanliness state of
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17 Claims, 3 Drawing Sheets

54

30

59



US 7,286,057 B2

Page 2
U.S. PATENT DOCUMENTS WO WO 02/59701 Al 1/2002
6,236,317 B1* 5/2001 Cohen et al. ............ 340/573.1
6,278,372 B1* 82001 Velasco et al. .......... 340/573.1
6,347,724 Bl 2/2002 Chen et al. OTHER PUBLICATTONS
6,417,773 Bl 7/2002 Vlahos et al.
6,426,701 B1* 7/2002 Levy et al. .............. 340/573.1 Patent Prior Art Search Results (US Only) (188 pages) Mar. 4, 2005.
6,431,400 Bl 8/2002 O’Maley et al. Patent Keyword Search Results (91 pages) Mar. 10, 2005.
6,542,568 Bl 4/2003 Howes, Jr. et al. Cites and Abstracts from Search Results (12 pages) Jun. 17, 2005.
6,572,564 B2 6/2003 Itq et al. Katz, “Hand Washing And Hand Disinfection: More Than Your
6,727,318 Bl 4/2004  Wildman et al. Mother Taught You™, Anesthesiology Clinics of North America, 22,
6,814,816 B2 11/2004 Achar et al. .................. 134/26 pp. 457_4713 2004
6,883,563 B2 4/2005 Smuith . . .
7,034,677 B2*  4/2006 Steinthal et al. ....... 340/539.12 gff%gsgggc“ fechnical Information for 1G52620, pp. 1-11.
7,045,673 Bl 5/2006 Batich et al. | | -
2002/0082177 Al 6/2002 Tabaac .........coeven... 510/130  ~>earch Results, Cites and Abstracts, Oct. 14, 2005.
2003/0220215 Al 11/2003 Manske Search Results, Patent Keyword Search, Mar. 10, 2005.
2004/0090333 Al 5/2004 Wildman et al. Search Results, Patent Prior Art Search (US only), Mar. 4, 2005.
2005/0049157 Al 3/2005 MacDonald et al. ........ 510/130 International Search Report for International Application No. PCT/
2005/0090414 Al 4/2005 Rich .oovveviiiviiinn, 510/136 US06/23204 dated May 8, 2007.
2005/0191326 A 9/2005 Melker ....................... 424/401 17.S. Patent Prior Art Search By Assignee, “Ultraclenz Engineering
2005/0233918 Ath 10/2005 Rl_ch .......................... 510/136 Group”, May 16, 2006, pp. 1-3.
2005/0233919 A1 10/2005 Rich ..ovvvinivininnnnnn. 510/136

WO

FOREIGN PATENT DOCUMENTS
WO 02/05701 Al

1/2002

U.S. Search Results, Cites and Abstracts From Accession Number
Retrieval , Mar. 11, 2005, pp. 1-12.

* cited by examiner



U.S. Patent Oct. 23, 2007 Sheet 1 of 3 US 7,286,057 B2




U.S. Patent Oct. 23, 2007 Sheet 2 of 3 US 7,286,057 B2

40 38
!'CD clock
dlsplay o4
mlcroproc ? ({
14

2032 2032
or equiv./ \or equiv.

26

FIG. 2 >

— - [0]

OO




US 7,286,057 B2

Sheet 3 of 3

Oct. 23, 2007

U.S. Patent

0
To' 0

4
000090000 Tp

00090000
o ﬂﬂﬂ“\
00008000

0000
000090000

LD

56 -

02

o4

NN
200007

INHE:

FIG. 5



US 7,286,057 B2

1
HAND CLEANLINESS

BACKGROUND

This description relates to hand cleanliness.

Health care workers, food handlers, and others ought to
clean their hands frequently and thoroughly, but they often
don’t. Better hand cleaning habits can be promoted by
governmental regulations, company rules, social pressure,
and technology. Techniques that have been proposed for
improving cleaning habits include the use of special clean-
ing agents as well as mechanisms and electronic devices to
regulate, monitor, and report on how Irequently and how
cllectively people clean their hands.

SUMMARY

In general, 1n one aspect, the invention features an elec-
tronic sensor configured to be carried by a person and to be
used by the person to detect a cleanliness state of the
person’s hands.

Implementations may include one or more of the follow-
ing features. There 1s also a device configured (a) to 1dentily
the person, (b) to be associated with the electronic sensor,
and (c¢) to be carried by the person. There 1s also a device
configured to be associated with the electronic sensor and to
provide an indication of the cleanliness state of the person’s
hands. The indicating device i1s configured to be carried by
the person, and the indicating device and the sensor together
are capable of detecting a cleanliness state of the person’s
hands and providing an indicator of the cleanliness state,
without requiring cooperation between the apparatus and
any device external to the apparatus. There 1s also a circuit
to control how long after the state of the person’s hands has
determined to be clean, the state 1s presumed no longer to be
clean.

In general, 1n another aspect, the invention features a
single unit that includes an electronic sensor to be used by
a person to detect a cleanliness state of the person’s hands,
and a device to provide an indication of the cleanliness state
of the person’s hands. In general, 1n another aspect, the
invention features a single unit that includes an electronic

sensor to be used by a person to detect a cleanliness state of

the person’s hands, and a device to identify the person.

In general, in another aspect, the mmvention features a
circuit that 1s configured to control how long after a clean-
liness state of a person’s hands has been determined to be
clean, the state 1s presumed no longer to be clean.

Implementations may include one or more of the follow-
ing features. The electronic sensor 1s configured to sense a
presence or absence of a material indicative of the cleanli-
ness state, for example, a vapor or alcohol. The cleanliness
state comprises a disinfection state. The 1dentification device
comprises a badge. The 1dentification device and the sensor
are part of one unit. The electronic sensor, the 1dentification
device, and the indication device are part of one unit. The
unit 1s configured to be worn by the person. The indication
device comprises a visible indicator. The circuit comprises a
countdown timer that i1s triggered in connection with the
cleanliness state being determined to be clean. The circuit 1s
part of the unait.

In general, in another aspect, the mmvention features a
badge that includes indicia identifying a person who carries

the person’s hands, and a visible indicator to indicate to
other people the cleanliness state of the person’s hands.
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In general, 1n another aspect, the invention features a
person using an electronic sensor carried by the person to
detect a cleanliness state of the person’s hands.

In general, 1n another aspect, the invention features 1ssu-
ing a signal from a circuit to indicate how long aifter a state
of a person’s hands has been determined to be clean, the
state 1s presumed no longer to be clean.

DETAILED DESCRIPTION

FIG. 1 1s a perspective view ol a badge.
FIGS. 2, 3, and 4 are schematic plan views of three layers
of the badge.

FIG. 5 15 a sectional side view of a chamber at 5-5 1n FIG.
4.

As shown 1n FIG. 1, in some examples, an identification
badge 10 worn by a doctor has red and green lights 12, 14,
that indicate that her hands are likely to be respectively in a
clean (e.g., disinfected, green light) condition or 1n a not
clean (e.g., not disinfected, red light) condition. The two
lights are controlled by a control circuit (not shown in FIG.
1) based on (a) information derived from an ethanol sensor
16 1n the badge, (b) signals from a timer (also not shown 1n
FIG. 1) that tracks the passage of time after the circuit has
determined that the hands are likely to be 1n a disinfected
condition, and (c) the state of the logic implemented by the
control circuit (also not shown). An LCD display 23 pro-
vides displayed information that can include the status of the
badge, the control circuit, or the sensor; the time; the status
of the cleanliness of the doctor’s hands; and other informa-
tion.

In addition to providing the disinfection determining
function, the badge 10 can be of a shape and form and can
display information suflicient to serve a conventional func-
tion of complying with government and institution regula-
tions that require health care workers to carry visible iden-
tification. For example, the badge includes a photograph 17
of the doctor, and other information including the doctor’s
name 19 and i1dentification number 21. A typical badge could
be approximately credit-card size.

Because health care workers are required to carry such
badges for other reasons, providing the disinfection deter-
mining function within the same badge make 1t more likely
that the worker will use that function than 1f the function
were provided in a separate device that the worker was
expected to carry separately. In addition, because the badge
worn by a worker must be visible to others 1n the health care
environment, the feature of the badge that indicates whether
the user’s hands are clean or unclean will naturally be visible
to others. Thus, the worker, merely by having to wear the
badge, will be subjected to social pressure of peers, patients,
and managers with respect to the cleanliness of the worker’s
hands. This makes the use of the disinfection determiming
feature of the badge and the improvement of cleanliness
habits selt-enforcing. The institution by whom the worker 1s
employed need only provide badges that include those
teatures without directly managing or monitoring their use.

A pair of electrodes 24, 26 on either side of the sensor 1s
used to determine when a finger 28 or other part of the hand
or other skin has been placed against the sensor. When skin
of a finger or other part of the hand touches both electrodes,
the resistance between them will decline. By measuring that
resistance the control circuit can detect the presence of a
finger.

The badge 1s used by the doctor in conjunction with
disinfecting her hands using cleaners of the kind that include
cthanol (for example, the liquid known by the name Purell




US 7,286,057 B2

3

availlable from GOJO Industries, Akron, Ohio, and which
contains 62% ethyl alcohol). Such cleaners are considered to
be more eflective than soaps and detergents in killing
bacteria and viruses and are widely used in health care and
other environments. When the ethanol-based cleaner is
rubbed on the skin of the hands, the ethanol kills the bacteria
and viruses. The effect will last for several hours but
eventually wears off. Ethanol 1s volatile and eventually
evaporates from the skin, leaving the possibility (which
increases over time) that live bacteria and viruses will again
contaminate the skin from the air and from objects that are
touched, for example.

The concentration of ethanol on the skin and the decay of
that concentration from evaporation tend to determine the
onset of subsequent contamination. In turn, the concentra-
tion of ethanol on the skin can be inferred by the concen-
tration ol ethanol vapor near the skin. By placing the skin
near an ethanol detector for a short period of time, it 1s
possible to determine the vapor concentration of ethanol and
thus to infer the ethanol concentration on the skin and the
disinfected state of the skin. When the current inferred
concentration 1s above a threshold, it 1s possible to make an
assumption about how long the hands will remain disin-
fected.

The badge can be used in the following way to improve
the hand cleaning habits of the user.

In some simple examples, the badge can be configured to
determine and display two different states: disinfected and
not disinfected.

Except when the badge has recently enough (say within
two or three hours) entered the disinfected state due to a
measurement cycle i which an adequate concentration of
cthanol vapor had been sensed, the badge will assume a
default state of the user’s skin of not disinfected. Thus, when
the badge 1s first powered on, or reset, or the permitted time
since a prior successiul measurement has elapsed, the state
becomes not disinfected. When the state 1s not disinfected
the red light 1s I1it and the word re-test 1s displayed on the
LCD.

In some implementations, the badge can be made to
switch from the not disinfected state to the disinfected state
only by a successtul ethanol measurement cycle. A success-
tul cycle 1s one 1n which a finger or other part of the body
1s held in position over the sensor (touching both of the
clectrodes) for a period that 1s at least as long as a required
measurement cycle (e.g., 30 seconds or 45 seconds or 60
seconds depending on the design of the circuit), and the
concentration of ethanol vapor that passes from the skin into
a measurement chamber of the sensor i1s high enough to
permit an inference that the skin 1s disinfected.

Thus, when the doctor wipes her hands with the cleaner
to disinfect them, she can then press one of her clean fingers
against the sensor 16 and the two electrodes 24, 26, for, say,
60 seconds.

Touching of both of the electrodes simultaneously by the
finger 1s detected by the control circuit which then begins the
measurement cycle. The control circuit could start the red
and green lamps to tlash alternately and to continue to do so
as an indication to the user that the electrodes are both being
touched and that the measurement cycle 1s proceeding. At
the end of the sensing cycle, the control circuit determines
a level of concentration of ethanol and uses the level to
determine whether the finger, and by inference, the hand of
the doctor 1s disinfected. Each time a measurement cycle has
been filly completed, the red and green lights may both be
flashed briefly to signal that the cycle has ended and the
finger may be removed.
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The control circuit continually monitors the electrodes to
determine when a finger or other skin 1s touching both of the
electrodes. When that event 1s detected, a measurement
cycle count down timer (which 1s 1nitialized for the number
of seconds needed to complete a measurement) 1s started. At
the beginning of a cycle, a voltage 1s applied to the heater to
begin to heat the sensor element. Initially the heater voltage
may be set to a higher than normal value 1n order to shorten
the mitial action period described below. Then the heater
voltage 1s reduced. At the end of the measurement cycle, a
measurement voltage 1s applied across the series connection
of the measurement cell and the series resistor, and the
voltage across the series resistor 1s detected and compared to
a threshold to determine whether the state should be set to
disinfected or not disinfected.

When the control circuit determines that the hand 1s
disinfected, the control circuit switches to the disinfected
state, lights the green lamp (and turns ofl the red lamp), and
displays the word clean on the LCD. In addition, upon the
initiation of the disinfected state, the control circuit starts a
re-test count down timer that i1s mitially set to the period
during which the skin 1s expected to remain disinfected (for
example two hours).

I1 the control circuit 1s 1n the disinfected state and the user
voluntarily performs another successiul measurement cycle
(for example, 1if, during the two hours after the prior suc-
cessiul measurement, she disinfects her hands again), the
re-test count down timer 1s reset.

Anyone 1n the vicinity of the doctor who can see the lights
or LCD 1s made aware of whether, according to the doctor’s
use of the badge, the doctor’s hands are disinfected or not.
People who find troubling the indication that a person’s
hands are not disinfected can complain to the person or to
the employer, for example.

During the sensing cycle the doctor must keep her finger
against the sensor for at least a certain period of time, say 60
seconds, to give the sensor and the control circuit time to
obtain a good reading. If the doctor removes her finger
betore the end of the period, the control circuit remains 1n or
switches to the not disinfected state and displays the word
re-test on the LCD display.

If the doctor holds her finger against the sensor long
enough to complete the sensing cycle and the results of the
sensing cycle are displayed on the LCD and by lighting
cither the red light or the green light.

If the sensing cycle ends with a determination that the
finger 1s not disinfected, the doctor can try again to apply
enough of the cleaner to her hands to satisfy the circuit and
can test the ethanol concentration again. And the cycle can
be repeated until the disinfected state 1s determined.

In addition to causing the green light to be 1lluminated and
the LCD to show clean, successtully completing an ethanol
test also causes the control circuit to reset a count down
timer (not shown 1n FIG. 1) to a predetermined period (say,
two hours) after which 1t 1s assumed that the benefit of the
cthanol treatment has worn off and the doctor’s hands are no
longer disinfected. When the timer times out at the end of the
predetermined period, the control circuit turns off the green
light, lights the red light, and changes the displayed word
from clean to re-test. The red light stays on and the word
re-test continues to be displayed until a successiul ethanol
test 1s performed by the doctor.

As shown i FIGS. 2, 3, and 4, the badge 10 can be
fabricated by assembling three layers.

A bottom layer 29 (shown schematically i FIG. 2)
contains a printed circuit 31 and components mounted on the
circuit. The components include the sensor element 30 of the
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sensor, two thin batteries 32, 34, a microprocessor 36 (an
example of the control circuit mentioned earlier), a clock 38
(an example of the timer circuit mentioned earlier that can
be used both for the measurement count-down timer and for
the re-test count-down timer), the two LED lamps 12, 14,
and an LCD display device 40. The detailed interconnec-
tions of the devices mounted on the bottom layer are not
shown 1 FIG. 2. The control circuit could be, for example,
a PIC microcontroller available from Microchip Technol-
ogy, Inc. of Chandler, Ariz.

A middle layer (shown schematically in FIG. 3) 1s thicker
than the bottom and top layer and provides physical relief for
the components mounted on the bottom layer. The patterns
shown 1n FIG. 3 represent cutouts 43 or perforations in the
middle layer.

A top layer 50 (shown schematically in FIG. 4) includes
a non-perforated and non-printed clear region 52 to permuit
viewing of the LCD display. Space 1s left for adding a
photograph and other information as show i FIG. 1. A
perforated region 54 provides openings for passage of
cthanol vapors into the badge and two perforations 56, 58 on
opposite sides of the perforated region 54 accept the con-
ductive electrodes that are used to detect the presence of a
finger.

As shown 1n FIG. 5, the arrangement of the three layers
in the vicinity of the sensor provides a sensing chamber 56.
Ethanol vapors 55 pass from the finger 33 through the holes
in perforated region 54 (which 1s shown as narrower than 1n
FIG. 4) and into the chamber. Within the chamber 1s a tin
oxide sensor element 30 (which includes an integral heater).
The sensor element 1s connected by wire bonded connec-
tions 61 to circuit runs 59 on the bottom layer of the badge.
The heater heats the vapors within the chamber and sensor
clement measures the concentration of ethanol.

Tin oxide sensosr are small, low cost, and relatively low
in power requirements. An example of a tin oxide ethanol
sensor 1s the Model TGS 2620-M available from Figaro,
USA Inc. of Glenview, Ill., although other sensors available
from other vendors could be used.

The sensor includes an integral heater and four connec-
tions, two for the sensor element, and two for the heater. By
wiring a resistor in series with the element and measuring
the voltage drop across the resistor, the control circuit can
determine the amount of current flowing in the element and
hence the resistance of the element which will vary with
ethanol concentration.

Tin oxide sensors with heaters are subject to a so-called
initial action that occurs when the sensors are not energized
for a period and then are energized. The resistance of the
sensor drops sharply during an 1nitial period of energization,
whether gases are present 1n the surrounding air or not. The
longer the period of unenergized storage (up to about 30
days), the longer the period of the 1nitial action. Therefore
using tin oxide sensors in the badges requires a trade ofl
between powering their operation for a period longer than
the 1nitial action but not so long that the energy drain caused
by measurement cycles reduces the lifetime of the battery to
an unacceptably short period. Experiments suggest that 1f
the user keeps her finger 1n contact with the sensor for at
least 20 or 30 seconds, the sensing of ethanol then begins to
dominate the mnitial action and permits detection of the
cthanol concentration. Other approaches may provide a
shorter initial action (such as applying a larger voltage for
the first few sections of operation and then the normal
voltage after that).

The badge provides a simple, effective, portable, inex-
pensive way to confirm that the ethanol treatment has
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occurred no longer than, say, two hours ago, which likely
means that the hands remain disinfected. No other external
equipment 1s needed. The disinfection condition 1s apparent
to anyone 1n the vicinity of the doctor, including patients,
supervisors, regulators, and peers. The social pressure asso-
ciated with being i1dentified easily as not having disinfected
hands 1s an eflective way to improve the frequency and
thoroughness of cleaning. The system does not force the
doctor to comply. Compliance with cleaning rules and
policies may remain less than perfect using the badges. Yet
it 1s likely that the compliance will improve significantly.
Any degree of improvement translates mto reduced costs
and 1njuries now associated with hands that have not been
disinfected.

A wide variety of other implementations are within the
scope of the following claims.

For example, although a simple matching of a measured
cthanol concentration against a threshold can be used to
determine simply whether the state should be disinfected or
not disinfected, it 1s also possible to provide a more com-
plicated analysis of measured concentration over time and a
comparison of the measured concentration against dynami-
cally selected thresholds.

More than two states would be possible, for example, to
denote different levels of disinfection or to denote that
longer periods of time may elapse before another measure-
ment 1s required.

The length of time before a first measurement 1s consid-
ered stale and another measurement 1s required need not be
based on an estimate of how long the ethanol on the skin wall
be eflective, but can be based on an arbitrary period such as
every hour.

The degree of accuracy and repeatability of the measure-
ment of ethanol concentration may be traded with the cost
and complexity of the circuitry needed to do the measure-
ments. In some examples, the goal need not be to assure that
the user’s hands are thoroughly disinfected at all times.
Rather, 1f the system encourages more frequent and more
thorough cleaning to any noticeable degree, great benefits
will result. Thus a very simple system may be quite usetul
and effective even though 1t may allow some users to cheat
and may fail to determine the state accurately at all times.

Additional lights and displayed words may be used for a
variety of purposes. The approach of the end of the disin-
fected period could be indicated by a yellow light to alert the
user that a cleaning would soon be needed.

The lights and LCD display could be supplemented with
or replaced by audible alerts for all functions or some of
them.

In some examples, not all of the circuitry need be
mounted 1n a single badge. Some of the circuitry could be
located 1n a different piece of equipment. For example, a
sensor used in common by many people may be mounted on
a wall and convey (say by wireless communication) the
measured concentration of ethanol to the badge, which
would then determine the state and indicate that state
through lights and on the LCD. By separating the two, the
badge could be lower cost, the sensor could be more
complex and accurate, and the sensor could be located at
places where the disinfectant solution 1s dispensed. Fewer
sensors would be needed.

Each badge could 1tself be split into two components that
communicate with each other wirelessly or by wire. For
example, a sensor module could be located 1n the user’s
pocket, while the badge contains only the logic circuitry.

The cleaming agent that 1s being measured need not be
limited to ethanol but could include combinations of ethanol
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with other materials or other materials 1n the absence of
cthanol; an appropriate sensor for the other materials would
be used.

The badge could include clips, hook and loop fasteners,
chains, pins, ribbons, and belt loops, and other devices to
hold the badge on the user.

The device need not take the form of a badge but could be
an ID device that attaches to a belt, a lapel, any other article
of clothing, and other parts of the body including an arm, a
leg, or a neck.

The sensor and indicators need not be associated with
identification information but could be provided 1n a device
the sole purpose of which 1s to measure the concentration
and provide an indication of 1it.

The device can be used 1n non-health care environments
in which hand cleanliness 1s important or expected.

In a health-care environment, the device could be used by
anyone who 1s providing services as well as by patients and
their families or friends.

Information about the frequency, timing, and results of
measurements performed historically by the user can be
stored on the badge.

Many additional functions could be added to the badge by
increasing the capacity of 1ts processor, memory, displaying,
communications ability, and user inputs features.

The 1nvention claimed 1s:

1. A badge to be worn by a person 1n a health care or food
handling 1nstitution comprising

an electronic alcohol sensor located on the badge,

a space on the badge where the person can place a
finger to permit alcohol on the finger to reach the
alcohol sensor,

a light or other 1indicator visible to people 1n the vicinity
of the person to indicate whether the person’s hands are
disinfected based on a presence of alcohol on the finger
as detected by the alcohol sensor located on the badge,

the light or other indicator having a first, disinfected state

triggered by the electronic alcohol sensor sensing a

presence of alcohol on the finger,

the light or other indicator having a second, non-disin-
fected state triggered after a period of time and when
the finger 1s presumed to be no longer disinfected.
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2. The badge of claim 1 also including a vapor chamber
to receive vapor ol the alcohol and enable it to contact the
alcohol sensor.

3. The badge of claim 2 in which the chamber has an
exterior surface that includes the space where the person can
place the finger.

4. The badge of claiam 1 1 which the space includes
openings for passage of vapors of the alcohol from the finger
to the sensor.

5. The badge of claim 1 1n which the period of time 1s at
least two hours.

6. The badge of claim 1 1n which the presence of alcohol
on the finger 1s indicated by a concentration of vapor of the
alcohol that 1s above a threshold.

7. The badge of claim 6 1n which the threshold 1s dynamic.

8. The badge of claim 1 1n which the non-disinfected state
1s a default state occupied when the badge 1s powered on, or
reset, or the period of time has passed.

9. The badge of claim 1 in which the sensor comprises a
heated sensor element.

10. The badge of claim 1 1n which the sensor comprises
a metal oxide sensor element.

11. The badge of claim 1 1n which the sensor comprises
a tin oxide sensor element.

12. The badge of claim 1 1n which there 1s at least another
state 1n addition to the first and second states.

13. The badge of claim 1 in which the presence 1s
indicated by measurements of a concentration of vapor of
the alcohol over time.

14. The badge of claim 1 i1n which the light or other
indicator comprises two distinct light elements, one indicat-
ing the first state, the other indicating the second state.

15. The badge of claim 1 also including an audible
indicator ol whether the person’s hands are considered
disinfected or not-disinfected.

16. The badge of claim 1 also including a device to hold
the badge on the person.

17. The badge of claim 1 also including the person’s name
or picture on the badge and visible to people in the vicinity
of the person.
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